HE STUDY was conducted on eighteen healthy dogs, which were allocated into three equal groups (six dogs each). In the first treatment, the hind limbs were prepared at the calcaneus region where Achilles' tendon was sharply incised, sutured with Kessler method, and immobilized with gypsona. The second treatment included the using of a peritoneum graft, while the third treatment utilized the venous autograft. Following surgery, all animals were inspected clinically, grossly and histopathologically for two months. Results of the first treatment exhibited adhesion and inflammatory reaction after one and two months of surgery. Histopathological examination revealed the organization of collagen fibers and mild inflammatory reaction after two months of surgery. The second treatment exhibited complete healing and the animal showed normal activities without any impairment on leg function. Grossly, a mild degree of adhesion was determined after two months of surgery. Histopathological examination exhibited complete granulation tissue formation with the slightest degree of fibroblast formation at 60 days. In the third treatment, there was an inflammatory reaction with moderate adhesion at one month of surgery. However, after 60 days post operation, the tendon restored the normal anatomical feature. In conclusion, unlike other treatments, results obtained from the using of peritoneal graft for reconstruction tendon defect was with the most convincing and efficient outcomes. The findings reported here shed a new light on treating of the defective tendon.
Introduction
Tendons are a specialized form of connective tissue responsible for transmitting of mechanical forces from skeletal muscle to bone, stabilizing joints and acting as a shock absorber with unique ability to glide through the surrounding tissue [1] . Tendon defects are the most clinical issue for orthopedic surgeons. Thus, the present study intended to examine the efficacy of using three different surgical methods to repair the defective tendon. Unlike other types of connective tissue, such as bones, injured tendon requires a prolonged time for healing due to the insufficient or low blood supply [2] . Repairing of Achilles tendon aims to improve tendon healing and rehabilitation function of the involved area of the joint. Several surgical interventions have been described for reconstructing of the impaired tendon. For instance, tenorrhaphy is one of these methods where various non-absorbable suture materials are using accompanied with a locking loop or continuous cruciate [3] . In addition, several biomaterial substances were used, such as semi-tendinous muscle [4] , synthetic mesh graft [5] or G-90 growth factor [6] . Furthermore, to improve and prompt the healing process of the injured Achilles tendon, low-level laser therapy was applied [7] . The healing process of the tendon is very complex, indecisive and varies widely depending on the severity of the trauma, treatment procedure and at the interval time between trauma and treatment. Postoperative complications are usual, which mainly occur due to the low vascularization of the tendon and the process of healing tends to cause adhesion with the surrounding tissues causing a restricted mobility [8, 9] . However, several materials have been utilized to improve the healing process of the injured tendon, such as using of omental flap, butyric acid, adipose mesenchymal stem cells, artery flap platelet-rich plasma, autologous venous grafting, and this graft was used to promote healing and reduce the incidence of adhesion [10, 11, 29] . A recent review described different approaches of utilizing a bioactive scaffolds regeneration of the damaged tissue in bones and ligaments [12] . Treatment of the injured tendon with surgical suturing of the healthy ends together with another type of tissues needs to be protected with external support after surgery to prevent excessive weight bearing by healing tendon [13] . Although, many suture materials were used to repair the defective Achilles tendon; however, suturing with polyester approved its efficiency in tendon healing [14] .
The aim of this study to determine the role of venous and peritoneal autograft as bioscaffold for reconstruction of Achilles tendon in dogs.
Materials and Methods
Achilles tendon of eighteen healthy dogs of both sexes were utilized .The animals were allocated into three equal groups, where each group included six dogs. Animals were feed, housed under the same conditions, and were subjected to aseptic pre-surgical protocol. Animals were anesthetized with the same protocol of anesthesia consisted of 10% Ketamine (Rotexmedica, Germany) 10mg/ Kg BW and 2% Xylazine (Interchemie, Holland.) 5 mg/ Kg BW [30] . In the control first group, the hind limb was prepared at the calcaneus region, and Achilles tendon was sharply transected. The tendon ends were isolated from the surrounding tissues and sutured using Kessler method with silk suture material (No 2), and the site of operation fixed with gypsona. The peritoneal graft second group, animals were also prepared and treated as the first group, except peritoneum patch, harvested surgically from same animals 3 cm as square pieces were utilized (Fig. 1) . The tendon was wrapped with this patch and was firmly fixed to restrict its mobility. Finally, the skin sutured with simple interrupted technique and the site of operation was supported with gypsona. Similar preoperative surgical preparations were followed in the venous autograft third group; however, the jugular vein was utilized to repair the induced injury in the tendon. The vein was double-ligated and bluntly dissected out and extra surrounding tissues were removed. The harvested venous autograft (approximately 3 cm long) was then transferred into a normal saline solution containing 10% gentamicin. The vein (3 cm long) was harvested surgically from the jugular region. The harvested vein was inverted and immersed in the normal saline solution contained 10% gentamicin. The venous autograft gently inserted through the two ends of the sutured tendon so, the sutured tendon was completely wrapped with the venous graft then this graft firmly sutured with tendon at two ends restrict movement of graft (Figs1-2).The tendon was wrapped with this graft and was fixed firmly to restrict movement (Figs1-2). The skin sutured and the site of operation fixed with gypsona , Flunixin ( Flumequin. Turky )at 1mg \kg bwt was used to control pain. In all groups, animals were inspected clinically and grossly ( macroscopic examination ,the findings were recorded as degree of adhesions ,inflammatory signs during a periods 15 ,30 and 60 days of treatment two animals of each periods ) on a daily basis . For histopathological examination, biopsies were collected aseptically from the junction of normal and treated tendon after 15,30,60 days of surgery (two animals for each periods) 2 weeks, one and 2 months of surgery. Biopsies were fixed in 10% neutral buffered formalin for 72 hours and tissue preparation proceeded as described by Luna ,1968[15] . Tissue sections were stained with Harris hematoxylin and eosin [16] . Later, the stained slides were examined at 40X, 100X, and 400 X using light microscopy.
Results
In the first group, animals manifested restlessness and were hardly using the treated leg, especially during flexing and dragging. These signs of difficulties were subsided during the first week and the animal's status was progressively improved. Clinically, all operative dogs were usually using the affected limbs during after two months of surgery where their motility appeared normal. Grossly, there were several noticeable healing defects including adhesions between the tendon and adjust tissue during the first month; this adhesion restricts the movement of the tendon. In addition, the presence of inflammatory reactions accompanied by incomplete healing (Fig 4) . Two months post-surgery, there were sever adhesion between the treated tendons and adjust tissue, less inflammatory reaction with complete healing (Fig. 5) . In the first group, histopathological examination revealed infiltration of mononuclear inflammatory cells, less number of fibroblast count and the presence of dense collagen fiber (Fig. 6) . After 60 days, there were mature connective tissue at the healing region, organized collagen fibers, low number of fibroblast and mild inflammatory reaction (Fig. 7) . In the second group, there was an improvement in the animal health status during the first two weeks where animals walked normally without any impairment in leg function. However, gross examination revealed the presence of a mild swelling at the site of operation without any sign of the inflammatory reaction. During the first 15 days of surgery, a moderate adhesion was notifying between the peritoneum patch and the surrounding tissues. Later, these adhesions were subsided (Figure 8 ) and only mild adhesions were present after 30 days of surgery (Fig 9) . Interestingly, after 60 days, there were no inflammatory reactions at the site of operation and adhesions were subsided. Throughout this period, animals expressed normal activities and complete healing occurs (Fig. 10) . The main histopathological feature after 30 days of treatment was manifested by an increased intensity of eosinophilic collagen fibers staining, low amount of fibroblast and edema between fibers and congestion of capillary vessels (Fig 11) . Examination after 60 days of treatment revealed complete granulation tissue formation, low amount of fibroblast and congestion of capillary vessels (Fig 12) . In the third group, inflammatory reaction and moderate adhesion were determined after 30 days of surgery (Fig 13) . However, at 60 days, the inflammatory reaction was subsided and the tendon restored the normal anatomical feature (Fig 14) . Histologically, at 30 days postoperatively, there was dense mature eosinophilic collagen fiber, low count of fibroblast and congestion of capillary vessels (Fig 15) . After 60 days, the histopathological examination showed that collagen fibers were more organized, edema between collagen fibers without any evidence of inflammatory reaction (Fig 16) 
Discussion
In dogs, rupture of the Achilles tendon due to chronic overstretching, sharp cutting or laceration is one of the most common tendon injuries, which require surgical intervention [17] . The severity of tendon rapture varies from complete rupture (26.7-42.8%), partial (22.2%) or isolated rupture of the gastrocnemius tendon (20%) [16] . In dogs, many synthetic and natural implants were utilized successfully to repair defective tendons, such as carbon fiber, polypropylene mesh and autogenous flaps, including free fascia lata grafts. Similarly, several works were conducted in rabbits to examine the efficiency of autogenous omental graft in stimulating the collagen formation [19, 20] . It has determined that the ideal postoperative outcome of restoration the functional role of tendons characterized by an appropriate tension and strength to overcome the dynamic workload [20] . In the current work, unlike traditional suturing, only Kessler suture technique was used along with autogenous vein graft to support the ruptured tendon. The utilizing of autologous peritoneum as a bioscaffold manifested an apparently good, hasted and improved tendon healing. These results may be approved that, in a dogs model, peritoneum graft can be used for tissue engineering. In all groups, there were signs of lameness ranged from mild to moderate, which might result in manipulation of the tendon during surgery, incomplete intact of tendon tissue, or due to the inflammatory reaction; However, these signs were subsided gradually with time; similar signs were reported in previous works [21, 22] . In the second group, gross examination revealed that the peritoneum patch subsided after 15 days of surgery without any inflammatory reactions. Nevertheless, a previous study conducted on rabbits, the using of scaffold products like small intestine submucosal tissue (SIS), the inflammatory reaction extended from the early days after surgery until the next two months where absorption of the implant occur [23] . It has determined that adhesion is the most common side effect after tendon surgery [19] . In our study, the occurrence of adhesion between the tendon and neighboring tissue was high, especially in the first group. The using of peritoneum and vein graft manifested lowered the incidence of adhesion. This might be attributed to the biological properties of these materials, which acts as a protective shield against adhesions and supports the healing process of the tendon. These results agreed with a previous report on using SIS [24] . The using of peritoneum and vein graft may support tendon healing by overcoming the devitalization of the tendon due to ischemic damage results in multiple suture stitches [25] .The success repairing of an injured tendon is a challenging issue because of the tension during muscle contraction; however, in our work, there was a good outcome of using the peritoneum and vein grafts. These materials provide excellent support to the injured tendon, reduce the likelihood of gap formation, offer a perfect suturing space, and maintain the gliding movement of the tendon. These observations were previously recorded by another work [26] . Whereas in the first group, several dogs expressed poor clinical outcomes and delayed tendon healing, this might occur due to poor suture holding. The using of jugular vein autography improved the healing process through increasing the fibroblastic proliferation and by reducing the degree of adhesion, these results agreed with [27] . In the 1 st group, results obtained from the histological examination revealed the presence of severe inflammatory reaction after 15 days post-surgery. The inflammatory reaction was subsided gradually at the second 60 days, where only signs of a mild inflammatory reaction were identified. Conversely, in the 2 nd and 3 rd groups, the severity of detectable inflammatory signs was lighter than in the first group after 15 and 30 days. Interestingly, these signs were unnoticeable after 60 days. This finding agreed with other studies and might be explained by the way that degradation of extracellular matrix scaffolds products has some antibacterial properties. Reversely, if degradation does not occur, the extracellular matrix scaffolds increases the bacterial growth [11] . Additionally, by comparison between the control and treated groups after 30 and 60 days post operation, it has demonstrated that treatment with grafts enhanced the healing process. This variation in response in treatment might be attributed to the biological components of these two grafts including collagen, glycoprotein, and growth factors. The collagenous component in the resorbable materials was successfully used in xenograft, autograft, and allograft purposes in various tissues and organs in animal models [11] . These studies have pointed out that these biomaterials can support the growth of the host tissue, increase cellular differentiation and induces a site-specific remodeling for several kinds of connective tissues. The regenerative process leads to re-establish both the mechanical functional of tendon and structural properties similar to the original tissue [28] . Based on previous research, vein graft acts as a source of cellular elements for producing a various number of growth factors responsible for acceleration tendon healing [27] . Results of peritoneum treated group manifested a faster healing than in other groups, which was evident by a complete granulation tissue formation and the presence of a low number of fibroblast count. Thus, we concluded that the using of autogenous peritoneal grafts peritoneum patches could successfully improve tendon healing and reducing the degree of adhesion.
Conclusion
In conclusion, results exhibited from the using of peritoneal graft for repairing tendon defect was with the most beneficial and efficient outcomes.
